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Talk Overview  
Phytophthora pathogens 
 P. cinnamomi  and some new observations 
 New Phytophthora species in Australia, hybrids and 
implications 
 P. ramorum 
 Phosphite 
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Currently ~121 Phytophthora species described worldwide 
Estimated another 100-300 species will be described from 
trees 
Number of described Phytophthora species within each Clade  
before       and after      the year 2000  
Phytophthora cinnamomi 
Aseptate coralloid  
hyphae 
Poor saprophytic ability 
Sporangia and  
zoospore release 
Encysted zoospores 
on root surface 
Oospores -  Sexual spores 
 Long-term survival structures 
Chlamydospores 
Thick-walled 
Chlamydospores 
Thin-walled 7/31/12 
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Species  Family 
New 
genera 
New 
family  Total harvested  Total positives  Asymptomatic 
ANNUALS 
Centrolepis sp.  Centrolepidaceae  n.a.  n.a.  13  0  n.a. 
Crassula closiana   Crassulaeae  +  +  62  3  +  
Hydrocotyle callicarpa  Araliaceae  -  -  68  6  +  
Hypochaeris glabra b,c  Asteraceae  +  -  26  1  +  
Levenhookia pusilla  Stylidiaceae  +  -  91  5  - (a) 
Levenhookia stipitata  Stylidiaceae  n.a.  n.a.  8  0  n.a. 
Lysimachia arvensis b   Primulaceae  +  +  20  2  +  
Pentameris airoides b  Poaceae  +  -  22  1  +  
Podotheca angustifolia  Asteraceae  +  -  58  1  +  
Pterochaeta paniculata  Asteraceae  +  -  102  2  +  
Rhodanthe citrina  Asteraceae  n.a.  n.a.  3  0  n.a. 
Siloxerus multiflorus  Asteraceae  +  -  17  1  + 
Trachymene pilosa  Araliaceae  +  -  447  74  +  
HERBACEOUS PERENNIALS 
Chamaescilla corymbosa  Asparagaceae  -  -  123  51  - (r) 
Drosera erythrorhiza  Droseraceae  +  +  9  3  - (r+a) 
Lagenophora huegelii  Asteraceae  n.a.  n.a.  6  0  n.a. 
Paracaleana nigrita  Orchidaceae  +  -  4  2  - (r+a) 
Rytidosperma caespitosum  Poaceae  +  -  18  2  +  
Stylidium diuroides  Stylidiaceae  -  -  117  65  - (a) 
TOTAL 
15 of 19  9 of 10  12  3  219  10 
 a=above ground symptoms (stems and leaves); b = introduced species; c= sometimes herbaceous perennial; r=root symptomatic; + = yes; - = no 
Table 1: Recovery of Phytophthora cinnamomi from annual and herbaceous perennial species on 
 black  gravel jarrah forest sites known to be infested with P. cinnamomi. Infected species in bold 
MANY ASYMPTOMATIC HOSTS 
Including annual species 
OTHER PHYTOPHTHORA SPECIES 
Phytophthora sp. nov. ‘megasperma-like’ 7/31/12 
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Phytophthora nicotianae 
Phytophthora aff. arenaria 
Phytophthora alticola 
Phytophthora arenaria 
Phytophthora palmivora 
Phytophthora citricola 
Phytophthora plurivora 
Phytophthora multivora 
Phytophthora elongata 
Phytophthora aff. elongata 
Phytophthora rosacearum 
Phytophthora aff. rosacearum 
Phytophthora taxon kwongan 
Phytophthora aff. kwongan 
Phytophthora humicola 
Phytophthora aff. humicola 
Phytophthora inundata 
Phytophthora taxon personii 
Phytophthora fluvialis 
Phytophthora litoralis 
Phytophthora thermophila 
Phytophthora megasperma 
Phytophthora taxon PgChlamydo 
Phytophthora gibbosa 
Phytophthora gregata 
Phytophthora lacustris 
Phytophthora taxon asparagi  
Phytophthora taxon niederhauserii 
Phytophthora cinnamomi var. parvispora 
Phytophthora cinnamomi 
Phytophthora cryptogea 
Phytophthora captiosa 
Phytophthora fallax 
Phytophthora constricta 
Phytophthora boehmeriae 
Phytophthora amnicola 
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100 
100 
100 
100 
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100 
100 
100 
96 
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100 
100 
52 
65 
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CLADE 1 
Previously part of  P. citricola complex. 
Large host range. Eucalyptus gomphocephala, 
B. attenuata, B. littoralis, B. menziesii, B. prionotes,  
Conospermum sp., Leucopogon verticillatus,  
Xanthorrhoea gracilis, Podocarpus drouyniana, Patersonia sp., Bossiaea sp., 
Gastrolobium spinosum, Pinus radiata, E. marginata, Ficus sp.  (> 26 species) 
P.  citricola 
P.  pini 
P.  plurivora 
P.  multivora 
Clade 2 7/31/12 
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Previously recorded as P. citricola (Psp2) 
Hosts associated with: E. marginata, Corymbia calophylla, Andersonia sp.,Patersonia xanthia,  
Banksia grandis, Xanthorrhoes preissii, X. gracilis, Leucopogon propinquus 
Dryandra squarrosa  
Only on lateritic soils in WA and in Victoria on sandy soils 
P.  frigida 
P.  bicheria 
P.  elongata 
P.  aff. elongata 
Clade 2 
Is very host specific.  
Clade 6 7/31/12 
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•  Phytophthora arenaria sp. nov.  associated with dead and 
dying Banksia menziesii, B. littoralis, B. attenuata, B. 
sphaerocarpa, B. hookeriana,  Hibbertia hypericoides, 
Eucalyptus drummondi.  Only from Northern sandplains 
•  Phytophthora constricta sp. nov.  associated with  dead and 
dying Pinus radiata, B. falcata, B. attenuata, B. cirsioides, 
Hakea, Adenanthos, Isopogon spp.  Predominantly from 
southern and northern sandplains of WA 
•  Pathogenicity confirmed on B. attenuata 
P. constricta 
P. aff. captiosa 
P. captiosa 
P. fallax 
P.  quercetorum 
P. aff. arenaria 
P. aticola 
P.  arenaria 
Clade 4 
Clade 9 
•  Obtained by ‘Fishing for Phytophthora’ – yet to 
determine its role as a phytopathogen 
Clade 6 7/31/12 
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Accurate diagnosis of health disorders  
Phytophthora species isolated in association 
with urban trees in Western Australia 
Phytophthora species in native ecosystems in 
Australia 
•  P.  amnicola 
•  P. asparagi  (Melbourne Botanic Gardens and natural ecosystems in WA. 
•  P. boehmeriae  (most continents but not North America) 
•  P. constricta 
•  P. cryptogea *  
•  P. cinnamomi * 
•  P. fallax *    
•  P. fluvialis 
•  P. gibbosa 
•  P. gregata  *  
•  P. inundata  
•  P. litoralis 
•  P. megasperma (and many morphologically similar called Psp9.) 
•  P. multivora – Victoria, NSW, South Africa, Europe *  
•  P. nicotianae 
•  P.  thermophila *  
P.  gonapodyides *  
P . taxon Pg. chlamydo *  
P.  taxon palustris  *  
2 x Clade 6 hybrids *  
Clade 9 P. hydropathica/irrigata? *  
 *   from Sugarloaf Pipeline  7/31/12 
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Phytophthora species to be described present 
in natural ecosystems in Australia 
•  Phytophthora taxon asparagi       Clade 6 
•  P. aff. arenaria       Clade 4 
•  P. aff. elongata       Clade 2 
•  Phytophthora aff. humicola      Clade 6 
•  P. taxon kwongan       Clade 6 
•  P. aff. kwongan       Clade 6 
•  P. taxon personii         Clade 6 
•  Phytophthora taxon PgChlamydo    Clade 6 
•  P. aff. rosacearum       Clade 6   
•  Phytophthora taxon niederhauserii     Clade 7 
•  Phytophthora cinnamomi var. parvispora   Clade  7 
Phytophthora hybrids  
•  Surveys of rivers in Australia and South Africa 
•  Four distinct hybrids involving three known parental species 
P. amnicola, P. thermophila and P. taxon PgChlamydo.  
•  Hybrid formation is sexual (based on single cox1 allele) 
•  Vast majority of Clade 6 are sexually sterile 
•  Pathogenicity unknown, but some from under dying plants 
•  Same hybrid complex present in WA and SA 
•  However, the wide geographic distribution, frequent isolation 
and presence of all four hybrids and all parental species in 
Australia strongly suggests an Australian origin. 
•  All Clade 6  7/31/12 
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Phytophthora species in natural ecosystems in WA 
Significance of new Phytophthora species 
DO THEY POSE A THREAT TO BIODIVERSITY? 
• P. multivora and not P. cinnamomi is implicated in tuart decline 
• P. multivora is the common cause of basal cankers in Banksia spp. and Agonis 
flexuosa 
• P. multivora is the most commonly isolated species from dying plants in the  urban and 
peri-urban area 
• P. arenaria is the most common species causing death of Banksia and other species in 
arid environments (ie. northern sand plane) 
• P. constricta is the most common species causing death of Banksia in southern 
heathlands 
• P. elongata causes episodic collapse of jarrah and marri rehabilitation on bauxite 
minesites 
• P. aff. arenaria has caused the death of thousands of seedlings in a oil mallee 
(Eucalyptus sp.) nursery 
• P. aff humicola regularly isolated from dying Casuarina 
•  Hybrids have huge potential to be problematic 7/31/12 
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Environmental Factors 
•  < 400 mm rainfall – no occurrence 
•  400-600 mm – water gaining sites, severe disease may occur 
•  600-800 mm- widespread 
•  800 mm + - tends to be widespread and extensive 
TEMPERATURE 
•  Optimum for growth 12 -30 C 
•  Optimum for sporulation (sporangia production) 25-30 C 
•  BUT will sporulate at 12-15 C 
SOIL 
•  pH  5-6 optimum (3.5-7) 
•  Calcareous soils not favourable (for P. cinnamomi)  
Phytophthora ramorum 
A potential threat 
•  Sudden Oak Death 
–  severe mortality in Californian forests 
•  Large host range > 100 species – Aerially dispersed 
•  Spread through international nursery trade 
–  Northern America & Europe 
–  origin unknown 
•  Category 1 Emergency Plant Pest in Australia 
–  threat to plant industries and natural ecosystems 
Marin County, California 7/31/12 
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Australian hosts of P. ramorum 
Work of Kylie Ireland 
Previously known Australian hosts of P. ramorum 
   Eucalyptus dalrympleana, E. gunnii, E. haemastoma, Leptospermum scoparium, Pittosporum undulatum 
   many naturalised hosts (ie. Douglas Fir) 
Putative new Australian hosts 
•  69 Australian species tested 
•  All capable of being infected 
•  ~ half of those tested moderate to severe disease severity 
   Foliar hosts – Ramorum leaf blight  
   Isopogon spp., Leptospermum spp., Agonis flexuosa 
   Sporulating hosts   drive epiphytotic   
   Eucalyptus viminalis, Nothofagus cunninghamii, A. flexuosa 
   Branch hosts – Ramorum shoot dieback   
   Nothofagus spp., Eucalyptus spp. 
   Log hosts – Sudden Oak Death   shift ecosystem structure and dynamics 
   Eucalyptus regnans, E. denticulata 
Eucalyptus leucoxylon 
ssp. Megasperma JUV 
Foliar Susceptibility 
Rhododendron ‘Colonel Cohen’ 
   Mostly low susceptibility 
   Some asymptomatic infection 
   Conifers and grasses = low susceptibility 
   Variability within family, genera, and even 
species 
   Wounding increased susceptibility 
   Higher Disease Severity (DS), but no difference 
in Infection Potential (IP) in Summer 
   Younger leaves generally more susceptible 
Species  DS  IP 
Eucalyptus regnans  0.40  all 
Isopogon cuneatus  0.56  all 
Isopogon formosus  0.82  0.84 
Leptospermum lanigerum  0.39  0.91 
Leptospermum scoparium  0.66  0.86 
Melaleuca squamea  0.41  0.90 
Correa 'Sister Dawn'  0.23  0.80 
Taxandria marginata  0.36  all 
Correa reflexa  0.47  0.95 
Eucalyptus pauciflora  0.52  all 
Rhododendron 'Colonel cohen'  0.27  1.00 
Corymbia ficifolia  0.23  0.93 
Eucalyptus delegatensis  0.22  all 
Polyscias sambucifolia  0.02  0.80 
Eucalyptus denticulata  0.20  1.00 
Adenanthos obovatus  0.14  0.55 
Umbellularia californica  0.14  all 
Banksia attenuata  0.22  0.93 
Eucalyptus haemastoma  0.17  0.95 
Eucalyptus sideroxylon  0.11  1.00 
Bauera rubiodes  0.06  all 
Brachychiton populneus  0.09  0.92 
Grevillea synapheae  0.13  0.91 
Acacia dealbata  0.44 
Agonis flexuosa  0.06  0.96 
Ceratopetalum apetalum  0.03  all 
Corymbia maculata  0.04  all 
Eucalyptus camaldulensis  0.02  1.00 
Eucalyptus cneorifolia  … 
Eucalyptus diversicolor  0.12  all 
Eucalyptus laeliae  0.07  0.93 
Eucalyptus leucoxylon  0.05  all 
Eucalyptus saligna  0.03  all 
Eucalyptus viminalis  0.10  1.00 
Hardenbergia violacea  0.03  0.81 
Macadamia tetraphylla  0.02  0.87 
Tristaniopsis laurina  0.02  0.88 
Dicksonia antarctica  0.05  0.92 
Hakea rostrata  0.08  all 
Leptospermum grandiflorum  0.01  all 
Tasmannia lanceolata  0.00  0.81 
Bursaria spinosa  0.07  0.47 
Nothofagus moorei  0.01  0.57 
Senecio linearifolius  0.03  0.53 
Dodonea viscosa  0.02  0.94 
Lomatia myricoides  0.20  0.70 
Correa alba  0.01  0.41 
Correa 'Ivory Bells'  0.03  0.54 
Lomandra longifolia  0.01  0.48 
Viola hederaceae  0.00  0.73 
Banksia marginata  0.04  0.62 
Prostanthera lasianthos  0.15  0.73 
Acmena smithii  0.00  0.92 
Lagarostrobos franklinii  0.08  0.60 
Correa decumbens  0.01  0.43 
Eucryphia lucida  0.01  0.74 
Nothofagus cunninghamii  0.03  0.73 
Xanthorrhoea preisii  0.02  0.21 
Eucalyptus globulus  0.01  all 
Callitris rhomboidea  0.01  0.19 
Acacia melanoxylon  0.02  0.30 
Atherosperma moschatum  0.04  0.33 
Stylidium graminifolium  0.01  0.20 
Correa backhouseana  0.00  0.40 
Sollya heterophylla  0.00  0.02 
Olearia argophylla  0.00  none 
Pittosporum undulatum  0.00  none 
Hedycarya angustifolia  0.00  none 
Podocarpus lawrencei  0.12  none 
Pomaderris apetala  0.00  all 
Phyllocladus aspleniifolius  0.06  none 7/31/12 
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Australian hosts of P. ramorum 
Work of Kylie Ireland  
a) Banksia attenuata; b) Leptospermum scoparium; c) Eucalyptus delegatensis; 
d) Eucalyptus denticulata; e) Isopogon cuneatus; f) Isopogon formosus 
a 
b  c  d 
e 
f 
ANBG 
Epiphytotic Potential? 
E. viminalis 
E. regnans 
N. cunninghamii 
SPORULATORS 
DEAD END HOSTS 
Ireland et al. 2012  
The highly biodiverse Mediterranean 
region of the cape of South Africa, 
coastal Australia and the entirety of 
New Zealand, should be considered at 
risk of invasion by P. ramorum, 7/31/12 
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Results of sampling  
POSITIVE RESULT 
•  Indicates Phytophthora present 
NEGATIVE RESULT 
•  Does NOT necessarily mean that Phytophthora is 
NOT PRESENT 
•  Sampling might have missed it 
–  Season of sampling, suppressive soils 
–  Dormancy of the pathogen 
•  Double baiting (wetting and drying) increases 
positives by 20% or more 
•  MORE SAMPLES THE BETTER – but a cost 
DNA Tests from plant and soil 
Application of DNA based detection on other 
genera have shown the tests to offer;  
•  Improved sensitivity and specificity  
•  Improved throughput  
•  Systems of analysis that are conducive to 
automation 
•  However,  still not reliable 7/31/12 
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Lateral Flow Device for Phytophthora 
identification  
+ ve for Phytophthora 
Phosphite and its potential over time to 
increase P levels in soil.   
Natural bush P. c infested and P.c free treated with phosphite annually over 
14 years.  7/31/12 
15 7/31/12 
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Non-phosphite  
P. c plots 
Non-phosphite  
P. c-free plots 
Phosphite -treated 
P. c plots 
Phosphite -treated 
P. c –free plots 7/31/12 
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Eucalyptus / Myrtle Rust 
•  Serious fungal disease affects plants in the Myrtaceae  
•  Found to date on more than 60 myrtaceous species 
•  Severity varies depending on host species 
•  Cannot be eradicated and is spread very rapidly 
•  Spores spread by wind, human activity and animals 
•  Infects plants in wet and humid conditions 
•  Rust pustules can mature and release spores in 10-12 days 7/31/12 
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Syzgium australe 
Syzgium jambus 
Photos DAFF 
Xanthostemon oppositifolius 
To avoid spreading rust to bushland  
Prevention measures 
•  Arrive clean, pack light, be aware, keep to tracks, do not move plants 
–  Clean vehicles 
•  People to limit number of sites visited per day, minimise the number of 
personal items you carry, change into clean clothes between sites 
•  Clean footware  7/31/12 
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SUMMARY  
•  P. cinnamomi remains the major pathogen  
•  It is more ‘plastic’ in its life style than previously thought 
•  Other Phytophthora species are widespread and impacting 
•  P. ramorum is climatically suited to parts of Australia and has 
numerous Australian  host species 
•  Be aware of hybrids 
•  Phosphite very useful, but caution for long-term use. 
THANK YOU  